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Single- top production processes have been studied using 0.7 fb~^ of data from 7 TeV center-of-mass energy 
proton-proton collisions collected with the ATLAS detector at the LHC. Single-top is electroweak top production 
and the standard model includes three production modes. Each contains a Wtb vertex, allowing the possibility 
of a direct measurement of the CKM matrix element IVtbl- Single- top could also be sensitive to new physics, 
such as flavor changing neutral currents or heavy W' bosons. Using cut-based selections, a limit of cr^t < 39.1 
pb is set for dilepton Wt production and as < 26.5 pb for s-channel production. For the t-channel measurement, 



both cut-based and neural network analyses are performed and the cross-section is measured to be 90_22 
where 65^^g pb is expected according to standard model. 



pb. 



1. Introduction 

Single-top is electroweak top-quark production 
through three different standard model production 
modes: t-channel, Wt (associated production) and s- 
channel. The i-channel has the largest expected cross- 
section for 7 TeV proton-proton collisions (64.6j;2 g 
pb) [H followed by Wt (15.7 ± 1.4 pb) [2], and s- 
channel (4.6 ± 0.3 pb) j3|. The i-channel and Wt 
cross-sections in particular are at least 30 times larger 
at the LHC than at the Tevatron, while the s-channel 
cross-section is about 4 times as large [1]. The larger 
cross-sections will allow precision measurements of the 
cross-sections, tests of the Wtb coupling, direct mea- 
surements of the CKM matrix element | Vtf,| [1,11], and 
searches for new physics such as flavor changing neu- 
tral currents and heavy bosons [tJ . 

Single-top production was first observed at the 
Tevatron in 2009 by the DO Igj and CDF collabo- 
ration, and the t-channel production mode of single- 
top alone was first observed by DO [1(1]. Here, results 
from ATLAS [TJ, a detector located at the LHC, are 
discussed. Of the data collected, 0.7 fb~^ is used to 
measure the i-channel [ill cross-section, set a Wt (is! ] 
limit, and set the first ATLAS s-channel [14] limit. 



2. f-channel Analysis 

The i-channel analysis is performed using two dif- 
ferent techniques, a cut-based selection and a neural 
network approach. In both cases the analyses be- 
gin by reducing the large multijet and M^-|-jets back- 
grounds via a common selection which forms a sample 
enriched with events containing a t-channel final state. 
Events with at least 2-jets with transverse momentum 
of pt > 25 GeV and \r]\ < 4.5 are selected, where ex- 
actly 1 jet must be b-tagged using a secondary vertex 
b-tagging algorithm with a 50% b-tagging efficiency 
and a rejection of about 270 for light-quarks. The 



analyses are performed using 2-jet or 3-jet multiplic- 
ity bins. Events are selected which have exactly 1 
isolated, central {\r]\ < 2.5) muon or electron with 
Pt > 25 GeV which is associated with a correspond- 
ing lepton trigger. The events are also required to 
have missing transverse energy, E!^^^^ > 25 GeV, to 
account for the undetected neutrino from the W de- 
cay. Finally, -I- Mt{W) > 60 GeV is required to 
further reduce multijet contributions, where Mt{W) 
is the reconstructed transverse mass of the W deter- 
mined from the lepton and E"™'^**. After all of these 
selections, the signal yield divided by the background 
yield (S/B) is approximately 0.1. 

The background normalization uses theoretical 
cross-sections for most processes {tt, Wt, s-channel, 
diboson, and Z'-l-jets backgrounds) except the large 
VF-|-jets and multijet backgrounds. In the case of 
multijets, the kinematic distribution shapes are deter- 
mined using a "jet-electron" method, where the typi- 
cal electron trigger is replaced by a jet trigger, and the 
normalization is determined via a binned maximum 
hkelihood fit to the E!^^^^ distribution in data [TB ]. 
This method is also used for the muon event selec- 
tion. The iy-|-jets heavy flavor fractions and normal- 
ization are determined using three control regions in 
the cut-based analysis and via a fit of the neural net- 
work output distribution in that analysis. 

The cut-based analysis applies four selections in 
addition to the initial selection: ]?7(ljet)] > 2.0, 
Ht > 210 GeV, 150 GeV < Af/^h < 190 GeV and 
]A?7(bjet, Ijet)] > 1.0. Here, Ijet refers to the untagged 
jet with the largest pt value and bjet refers to the 
b-tagged jet. Additionally, Ht is sum of the trans- 
verse momentum of the leading two jets in px, the 
lepton Pt, and E^'^^ while Mji^f, is the reconstructed 
top quark mass. Four channels are used in this analy- 
sis, containing 2 or 3-jets and positively or negatively 
charged leptons. This channel division makes use of 
the expected lepton charge asymmetry in p-p colli- 
sions due to the excess of valence u-quarks versus d- 
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Figure 1: Reconstructed top mass distribution for 2-jet 
events after all f-channel cut-based analysis selections 
except the reconstructed top mass selection 112]. The 
t-channel signal contribution is normalized to the 
measured combined cut-based analysis t-channel cross 
section. 



quarks. Such a division would be ineffective at a p-p 
collider, where no lepton asymmetry is expected. Af- 
ter the cut-based analysis selections, the best channel 
(2-jets with positive leptons) has a S/B value of 1.2. 
The distribution of the reconstructed top mass for 2- 
jets (combined lepton charge channels) is shown in 
Figure [T] and the signal excess can be clearly seen. 

A neural network analysis is also performed using 
the NeuroBayes [l^, [it'I program with 13 variables, 
including the variables used in the cut-based analysis 
and lepton charge, used in its channel division. The 
other 8 variables include the invariant mass of the two 
jets, Mt(VF), the lepton 77 and px, i?^"^^' of 
the untagged jet, the mass of the b-tagged jet, and 
IA77I between the b-tagged jet and reconstructed W 
boson. The variables are combined, including corre- 
lations, into one discriminant. Unlike the cut-based 
selection, no additional selections are applied after ini- 
tial selection and all events contain exactly 2-jets. 

The t-channel cross-sections are extracted using a 
profile likelihood technique for the cut-based analysis 
(CB) and a maximum likelihood fit for the neural net- 
work analysis (NN). The inclusive cross-sections ob- 
tained from the various methods are at = 102^3° pb 
(CB 2-jets), at = WbtH pb (NN), and at = 50tlj 
pb (CB 3-jets), all of which are consistent with each 
other within at least two standard deviations. 

The final result is constructed as the combination 
of the two and three jet channels from the cut-based 
analysis, at = 90tg(stat) i2o(syst) = 90^22 pb, com- 
pared to a^^^ ~ 65^^19 pb expected. The measured 
cross-section is consistent with the predicted stan- 
dard model ^-channel cross-section within about 1.1 
standard deviations. The uncertainty of this mea- 
surement is dominated by systematic uncertainties, 
with b-tagging, jet energy scale, and initial/final state 
radiation being particularly large contributors to the 
cross-section uncertainty. 



3. \Nt Analysis 

The Wt analysis considers the dilepton final state 
only, using three different channels: electron-electron, 
electron-muon, and muon-muon. For this analysis, 
at least one jet is required with > 30 GeV, as 
well as exactly two isolated, triggered, central muons 
or electrons with > 25 GeV and corresponding 
E^"^^"" > 50 GeV. Additionally, the sum of the angu- 
lar differences in cj) between the leptons and E™^^'^ di- 
rection is used to reduce the Z ^ tt contamination, 
A(l){h,EJ^''''') + A0(Z2,i^f''') > 2.5, and the recon- 
structed dilepton invariant mass is used to remove 
events coming from Z boson decays, |m« — mz\ > 
10 GeV, for events where both leptons are electrons 
or both are muons. Here, m« refers to the recon- 
structed mass of the two leptons and mz refers to the 
Z boson mass. 

The background cross-section normalization is de- 
termined via data-based techniques with the excep- 
tion of the diboson background, for which the theo- 
retical cross-section is used. A matrix method is used 
to estimate the fake lepton (multijet and M^-|-jets) 
background. The Z ^ tt is estimated using a 
Z ^ TT dominated region orthogonal to the signal 
region, A(l){li, E^''''') + A0(Z2, £^t''') < 2-5, while or- 
thogonal data samples formed using two uncorrelated 
variables, E^^^^ and mu, are used to determine the 
Drell-Yan background. The largest background, ti, is 
determined using a tt dominated region orthogonal to 
the signal region defined as events with at least 2-jets 
(see Figured]). The non-ti events in this region are 
subtracted from the data and the result is compared 
to the expected value to determine a scale factor. This 
result is then propagated into the signal region. Corre- 
lated effects of systematic uncertainties affecting both 
tt and Wt have been taken into account. 




Number of Jets 

Figure 2: Number of jets after initial Wt event 
selection [l3|. The 1-jet bin is used for the final selection, 
while the 2 or more jets region is used for the 
tt background normalization. 
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The final Wt selection requires exactly 1 jet (see 
Figure [U . The cross-section and limit are extracted 
using a profile likelihood technique. The resulting 
cross-section is awt = 14.4^5'^(stat)^g'4(syst) pb. 
The 95% confidence level (CL) upper limit on Wt 
production is awt < 39.1 pb observed, awt < 40.6 
pb expected. The total uncertainty is dominated by 
data statistics, jet energy scale, jet energy resolution, 
and jet reconstruction efficiency uncertainties. 



4. s-channel Analysis 

The s-channel analysis event selection is similar to 
the t-channel cut-based analysis selection (see Sec- 
tion [2]) with two differences: 2 central (|?7| < 2.5) jets 
are selected and at least 1 b-tagged jet is required. 
The backgrounds are also estimated using the same 
techniques, but selecting events with at least 1 fa- 
tagged jet. The cut-based selection includes a require- 
ment of exactly 2 b-tagged jets, as well as 30 GeV < 
Mtop.bjct2 < 247 GeV, pT(bjetl, bjet2) < 189 GeV, 
Mt{W) < 111 GeV, 0.43 < Ai?(bjetl, lepton) > 3.6, 
123 GeV < Mtop,bjoti < 788 GeV, and 0.74 < 
Ai?(bjetl,bjet2) > 4.68. Here, Mtop,bjoti is the re- 
constructed top quark mass using the leading jet in pt 
(bjet2 is the other jet). After these selections, S/Vb 
is 0.98, an improvement from 0.26 using the initial 
selection only. 

The s-channel cross-section and limit are extracted 
using a profile likelihood technique. The 95% CL 
upper limit on the production of s-channel events is 
as < 26.5 pb observed, where as < 20.5 pb is ex- 
pected. This is about 5 times the standard model 
cross-section. More data statistics will improve this 
result as data statistics is the dominant uncertainty. 

5. Conclusion 

ATLAS single-top production results are estimated 
using 0.7 fb^^ of data from 7 TeV proton-proton col- 
lisions. The ^-channel cross-section is measured to be 
90^22 pb- The Wt analysis determines a cross-section 
of awt = 14.4t5 i(stat)]'^g 4(syst) pb, corresponding 
to a 95% CL limit of awt < 39.1 pb. Finally, a 95% 
CL limit oi as < 26.5 pb is set for the single-top s- 
channel production cross-section. 
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